Heart Rate Correlates of Insight by Avner, R.A.
UNIVERSITY OF ILLINOIS -URBANA, ILLINOIS
HEART RATE CORRELATES OF INSIGHT
by
R. A. Avner*
CSL REPORT R-198 APRIL, 1964
COORDINATED SCIENCE LABORATORY 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS
DA-36-039-AMC-02208(E) 
DA Project 3A-99-25-004 
US NSF G23554
This research was made possible by support extended to 
the University of Illinois, Coordinated Science Laboratory 
jointly by the Department of the Army (Contract DA 36- 
039-AMC-02208(E)), Department of the Navy (Office of 
Naval Research), and the Department of the Air Force 
(Office of Scientific Research), by support extended to 
the University of Illinois, UICSM Mathematics Project, 
by the National Science Foundation under Contract No. 
US NSF G23554 and by a National Science Foundation 
Cooperative Fellowship grant to the author (1962-63). 
The material reported here is a dissertation submitted in 
partial fulfillment of the requirements for the M.A. degree 
at the University of Illinois.
The author is a staff  member of the UICSM Project ,  1210 W. Springfield, 
Urbana, I l l in o is .
ii
Arbitrary Symbols Used
Symbol Term
First page on 
which term appears
bn number of heartbeats in ntrhr observation interval 20
CP confirmation of possible pattern 14
D mean difference in HR 34
d observed difference in heartbeats 34
DN' double negative HR pattern 21
DP disproof of possible pattern 14
E experimenter 5
HR heart rate 1
IR insight region 11
NP negative HR pulse pattern 17
NS negative HR step pattern 17
PP positive HR pulse pattern 17
PS positive HR step pattern 17 . IV
RP recognition of possible pattern 14
r (n) nth task response in problem series s 14
S subject 2
Note. -- Primed symbols indicate that the term refers to transformed 
data. Standard statistical symbols, such as "P" for probability, or symbols 
used only in the section in which they are defined are not represented in this 
table.
(This is a reprint.)
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Problem
There are several aspects of the act of "insight" or "discovery" that sug­
gest the presence of measurable physiological correlates. The sudden change 
of behavior (Osgood, 1953) and the possible intrinsic reinforcement (Bruner, 
1962) found in insight are two such aspects. Possible correlates might be 
responses" having durations of the order of seconds or activational changes 
of longer duration (Malmo, 1962). Of primary interest to this study are corre­
lates which could be used as indicators of individual differences in insight.
Of the possible physiological measures, heart rate (HR) shows the most 
promise. Heart rate can be reliably and automatically measured with a mini­
mum of specialized apparatus. An extensive history of the use of HR as a 
dependent variable dates as far back as the turn of the century when Bowen 
(1903) found it to be a sensitive indicator of light muscular work. More 
recently Peters and Gantt (1953) concluded that HR changes result from 
central nervous system excitation prior to, and in anticipation of, requirements 
due to muscular tension. Short-duration HR changes have also been related 
to complex mental activity. Blatt (1961) found significant shifts in rate at 
predictable points during a problem-solving task. Berry and Davis (1960), 
however, found no significant HR differences between correct and incorrect 
choices for a rote-learning task. With respect to long-duration changes,
Schnore (1959) found HR to reflect consistently arousal level within (but not 
across) individuals occupied in solving arithmetic problems and in a tracking 
task.
As has been noted HR is a sensitive measure of physical movement. In 
addition to gross body movements, respiration changes have an effect on HR. 
Wescott and Huttenlocher (1961) noted a consistent cardiac response to 
respiration gasps. This response consisted of an acceleration of HR followed 
by a deceleration and final acceleration to normal rate over a period of
2about 10 seconds. When the gasp effect is controlled, a distinct change in HR 
is still found during conditioning (Wescott and Huttenlocher, 1961), indicating 
that effects other than those due to respiration are present. Respiration and 
movement effects place limitations on the form and timing of subject (S) re­
sponses and the duration of the experimental task unit. Assuming the necessity 
of overt _S responses, one method of control of movement effects is to require 
all task-related responses to be physically similar and to be produced at 
intervals which are uncorrelated with the independent variable, insight. The 
additional requirement that the between-response interval be regular and of a 
duration that is small in relation to the duration of the insight task is perhaps 
the easiest way to insure a lack: of correlation with insight. As a result of 
these requirements, physical responses of the type needed to indicate insight 
would not in themselves cause HR changes that could be correlated with insight. 
Such conditions would not preclude insight-correlated HR changes due to other 
physical movements (such as respiration gasps) by the S, but would preclude 
artifacts of a particular experimental situation. Effects of normal breathing 
on HR can best be controlled by using a recording interval that is long enough 
to contain several respiration cycles, yet short enough to indicate short- 
duration changes. A preliminary study indicated that intervals of from five to 
30 sec. duration met these requirements. Other workers have reported using 
intervals of from three (Deane, 1961) to 30 (Blatt, 1961) sec. duration.
The basic requirement of the task used was that it be insightful. Osgood 
(1953) gives four characteristics of insight: (1) a sudden change in behavior 
is produced; (2) the correct solution is perfectly executed the first time it isq
used; (3) the insight occurs prior to the solution and not as the result of a 
correct "accidental" trial; (4) the solution is novel and appropriate only for 
the given problem.
3The task chosen consisted of the addition of pairs of digits. The resulting 
sequence of answers at certain times showed a cyclical regularity which enabled 
the S_ to predict the sums of following pairs of digits. By presenting pairs of 
digits at regular intervals and allowing answers or predictions only during 
limited portions of these intervals, physically similar responses were produced 
at approximately equal intervals, thus meeting the control requirements 
outlined above. The task is insightful in that: (1) a sudden change from 
problem answering to correct prediction is possible as soon as the regularity 
of answers is perceived; (2) the correct solution requires no new response 
behavior; (3) correct prediction of several consecutive sums requires 
knowledge of the regularity of answers; (4) the solution of a given task is 
dependent on the sequence of sums used for that task alone.
4Method
Subjects. -- Sixteen male college undergraduates acted as _Ss. Eleven 
Ss participated in this experiment as a required part of an undergraduate 
psychology course, while the remaining five were volunteers.
Apparatus. -- The PLATO computer-based teaching machine (Bitzer, 
Braunfeld, & Lichtenberger, 1961) was used for stimulus presentation and _S 
responses. This system uses a television screen for presentation of visual 
material and provides a keyset for S responses. An auxiliary keyset with 
eight buttons was used for input of task responses for this experiment. A 
Control Data 1604 general-purpose digital computer was programed to produce 
the required stimuli for presentation to the JS, record J3 responses (both 
keyset and HR), and control the sequence of stimulus presentation.
Task description. -- The task was broken down into 10-sec. response 
units during which the _S was expected to make one task-related response.
During each of these intervals the following sequence of stimuli was presented 
on the TV screen for the S: (a) a plus sign for 2.5 sec., (b) blank screen for 
0.5 sec., (c) two numerals with plus sign between them for 5 sec., (d) blank 
screen for 2.0 seconds. The appropriate response for the was to add the 
two numerals modulo ten and to press the button on the keyset corresponding 
to the sum, e.g., for "9 + 9" the _S would push the button marked "8", the 
sum, modulo ten, of 9 + 9. Problems having "0" or "1" as answers were 
omitted since only eight input buttons were available on the keyset used. The 
computer would accept responses only during the initial 8.0 sec. of each 
interval. Correct responses given during this initial period caused the screen 
to erase immediately and remain blank until the beginning of the next interval. 
Incorrect responses had no effect. A response prior to appearance of the two 
numerals constituted prediction. Correct prediction required discovery of
recurring patterns in previous trials. A shift in response behavior to correct
The R wave of each heartbeat picked up by the electrodes was converted to 
a single pulse of about 0.2 sec. duration. The pulses of successive heartbeat 
were summed by the computer for each 10-sec. problem interval and stored.
8Results
Heart Rate
Maximum HR shifts. -- The task was apparently not boring to the Ss.
Seven _Ss showed a total of 54 HR shifts averaging 18 or more beats per 
minute between adjacent 10-sec. intervals. Such shifts in HR are of the order 
of magnitude reported by Blatz(1925) for Ss subjected to sudden loss of support 
while seated in a tilting chair.
Initial value effects. -- Wilder (1957) has hypothesized that, for any
physiological system subjected to stimulation, the greatest response magnitude
will occur for lowest levels of functioning (the "law of initial value"). Wilder
would thus predict that mean HR would have significant negative correlation
with HR variance over a group of _Ss. The distribution, mean, and variance
of heartbeats per interval was determined for each (see Appendix C). The
Spearman rank correlation coefficient for HR means and variances of the
16 jSs used was found to be .038. The probability that Ir I > .038 when thes —
correlation is in fact zero is greater than .80. This finding supports that of 
Kaelbling, King, Achenbach, Branson, & Pasamanick (1960) who found no 
significant relationship between median HR and HR response to electric shock.
Blocking. -- Bills (1931) has described blocking behavior (defined as 
"a pause in the response equivalent to the time of two or more average 
responses") in repetative task responses. His studies were based on 
relatively simple, self-paced tasks such as color-naming. Blocking rate was 
found to increase with fatigue, task homogeneity, and decreased number of 
response categories (Bills, 1935). Geldreich (1953) subsequently found blocking 
to be correlated with HR changes. In the present experiment, as judged by 
response data, serious blocking effects seem to have been avoided by using a 
more complex task at a constant presentation rate slow enough to minimize 
fatigue effects. In 3,552 problem intervals there was only one case of no
9task response being given at all. A much higher incidence of nonresponding 
would be expected if blocking was present. Examination of individual response 
times was made for each of the 1,904 intervals for which, (a) exactly one 
response was made, and (b) this response followed presentation of a pair of 
digits, i.e., was not a prediction. The median response time was determined 
for each S and used to find blocks by Bills' definition. Only 12 blocks were 
found among the 1,904 intervals examined. Of the 12 blocks only one was 
related to a change in HR of more than six beats per minute.
Mult-ip]-6 responses. -- There were 68 cases of multiple responses in
problem intervals. A multiple response occurred when an incorrect prediction
was made or when an error was made either in addition or in selecting a
response button. In each case a correct second response was given which
could in itself have caused HR changes by increasing the amount of physical
movement in that interval. Of the 68 multiple responses, 58 were incorrect
predictions (22 of which were made by one and 10 were errors following
presentation of digits.. It is possible that some portion of the incprrect
prediction was due to errors in selecting a response button. However, in view
of the small number of errors in responses following presentation of digits,
it Was considered likely that the major part of prediction errors was due to
predictions based on insufficient information. All _Ss had been informed of
the necessary and sufficient condition for correct prediction, i.e., three
consecutive cycles of a given sequence of answers; yet none of the 58 incorrect
predictions occurred after such a condition had been satisfied. It was also
found that 33 correct predictions had been made based on insufficient
information. Number of correct and incorrect premature predictions had a
Spearman rank correlation of .655. The probability that |r I > .655 whens —
the correlation is actually zero is less than .01. Of the total of 91 pre­
dictions based on insufficient information, 82 were made by 8 Ss. Such an
10
uneven distribution of premature predictions suggests that either some _Ss saw 
early predictions as more important than errors or that some _Ss did not under­
stand the necessary and sufficient condition for correct prediction. The latter 
possibility seems unlikely in the face of the specific instructions and examples 
given to _Ss prior to the experiment. In either case there was the possibility 
that HR measures might differ between those J5s who tended to make premature 
predictions (and hence made more correcting responses) and those who did not.
It was possible to divide the Sis into two equal groups of 8 each by the 
criterion of "one or less" and "two or more" premature predictions. A 
comparison by the Mann-Whitney U test (Siegel, 1956, pp. 116-127) for 
individuals in the two groups indicated differences in HR means and variances 
that would be expected by chance alone, with P = .878 and P = .328 
respectively. It was concluded that differences in number of responses or 
task attitudes leading to such differences within the ranges found in these Ss 
had little effect on overall HR measures.
Heart Rate Correlates
Heart rate phenomena which were to be evaluated were of two types: 
those which indicated long-term, activational effects (Malmo, 1962) and those 
which indicated effects over a maximum duration of one 10-sec. interval. 
Long-term effects were measured by comparing mean HR over the intervals 
of interest with mean HR for remaining intervals. Short-term measures were 
based on contrasts of measures of total numbers of beats in adjacent intervals. 
Subsumed under the study of short-term effects was the investigation of 
patterns resulting from sequences of such effects.
All analyses were based on data from the 210 intervals from interval 12 
through interval 221. Measures of HR found in the earliest intervals of the 
experiment were assumed to be contaminated by extraneous effects (e.g., 
changes in task proficiency); hence data from the first 11 intervals were
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not used. Data from the final three intervals of the experiment were used to 
provide reference points for any prior patterns, and since no reference points 
existed in turn for these intervals, they did not enter directly into any analysis.
Insight regions. -- Insight, by definition, can have occurred only when a
change in behavior results. The change of behavior here is held to be the shift
from providing solutions for available task stimuli ("answering" behavior) to
providing solutions for task stimuli which are not yet available ("predicting"
behavior). Insight cannot be said to occur prior to the time when sufficient
information is available to make predictions or after the time when an overt
prediction is made. These bounds define an "insight region" (IR). The
minimum information required for prediction is a repetition of a previously
given solution, implying the beginning of the second cycle of a regular pattern.
Overt predictions may be due to: (a) random button-pressing, leading, in this
case, to correct prediction with P = .125; (b) prediction based on sufficient
information, leading to correct prediction with P = 1.000; (c) prediction
based on insufficient information, improper use of information, or combinations
of these with (a) and (b), leading to correct prediction with .125 < P < 1.000.
In this study there were 159 predictions which indicated behavior change, i.e.,
which followed answering behavior or incorrect predictions. One hundred and
one of these predictions were correct; hence the likelihood that they resulted
o
from random responses was very small (\, = 331, P < .001).
Statistical approach. -- The k cases of any given HR pattern found in 
I = 210 intervals were enumerated for each S, and the number, x, of these 
cases falling within the i intervals comprising IRs was compared with the 
proportion expected by chance alone. The distribution P(I, i, k, x) of these 
proportions is hypergeometric. Available tables of the hypergeometric 
distribution (Lieberman & Owen, 1961) do not cover regions of the distribution 
found in this study, but in the case of k smaller than i, I - i, and I - k,
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the hypergeometric is closely approximated by the binomial, distributed as 
E(k, x, i/1) (Lieberman & Owen, 1961, p. 17). Probabilities determined by 
this approximation were compared with hypergeometric probabilities 
determined by interpolation for 40 representative values in the region of 
interest. In no case were differences greater than P = .01 noted.
Evaluation of the relationship of a particular pattern to insight intervals 
across all _Ss was made by use of the fact that twice the sum of the negative
r\
natural logarithms of p probabilities is distributed as x with 2p degrees of 
freedom (Winer, 1962, p. 44).
Task-related correlates of HR. -- In addition to insight effects, it is 
likely that the IRs would contain some task-related behaviors or responses
Table 1
Means of 89 Ten-Interval Segments Around 
Points of First Overt Prediction
Interval 1 2a 3 4 5a 6 7 8b 9 10
Mean 14.89 14.97 15.15 15.15 15.03 15.21 15.11 15.34 15.33 15.11
Note. -- = .12 in all cases.
a t .
^Interval in which problem belonging to a regular sequence appeared.
Interval in which overt prediction was made.
which might affect HR. Among such effects might be long-term HR effects 
due to changes in activation following insight. Short-term effects might result 
from observation of confirmation of an insight, anticipation of such confir­
mation, and anticipation of making an overt prediction. All of these effects 
would, if present, be predicted to occur in close relation to the sequence of 
intervals leading up to the overt prediction. Since the patterns used were of 
varying length, it would not be expected that insight effects would be closely 
related to any single portion of the sequence of intervals leading up to overt 
prediction. Thus, the examination of the mean HR over a large number of
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samples of. intervals leading up to the point of prediction might show regular 
patterns due to non-insight, task-related behavior. A total of 89 insight 
regions containing no cases of multiple responses were identified. From each 
of these a. ten-interval segment, beginning with the seventh interval prior to 
overt prediction, was selected. Means and standard errors of differences for 
adjacent intervals were determined for the 89 segments summed across 
intervals (see Table 1).
No two adjacent intervals have means which differ at levels.greater than 
that expected by chance with P 5 .05 (two-tailed test). A study of short-term, 
task-related effects near the beginning of the IR is reported on in a later 
section. 1
Long-term effects were investigated by use of the Wilcoxon matched-pairs 
signed-ranks test (Siegel, 1956, pp. 75-83) at the .05 level (two-tailed). For 
each the mean HR was computed for comparisons of (a) insight periods vs. 
all other intervals (b) the two intervals immediately preceding the end of the 
insight periods vs. all other intervals, and (c) the two intervals following 
insight intervals vs. all other intervals. No significant difference could be 
found for the comparison involving insight periods (T = 40, n = 16; P > .10), 
but mean HR was significantly higher for the two intervals at the end of the 
IR (T = 12, n = 16; P < .01) and the two following the IR 
(T = 4, n = 16; P < .01). This result implies that there is a general 
elevation of HR in the regions at the end of IRs. The elevation cannot be 
directly attributed to insight, however, because it occurs in conjunction with 
the possibly extrinsically rewarding situation of first correct prediction.
Since the increased HR is present prior to the first correct prediction, it is 
evidently not simply a function of effects of prediction per se.
Classification of task intervals. -- The definition of an IR as the region 
beginning with the first indication of a regular pattern and terminated by the
14
first correct prediction has several drawbacks when short-term HR effects 
are to be studied. First,, it causes several distinguishable situations to be 
arbitrarily grouped together. It would be reasonable to hypothesize, a differ­
ence between a _S's outlook, and possibly HR, upon first identifying a pattern 
and upon having this identification confirmed or disproved. A second point is 
the decreased statistical significance of correlates of an event known to occur 
in a given region when the correlates are sought in a larger region. If a 
particular event, e.g., confirmation of the presence of a regular pattern, 
can occur only within a portion of the IR, it is statistically inefficient to seek 
correlates where that event can never occur. Three types of events that can 
be closely identified with individual intervals are: (a) recognition of possible
g
patterns (RP) occurring whenever a response, r (n), in a given problem
g
series, s, is the same as a previous response, r (0), in the same series;
and (b) confirmation of possible patterns (CP) occurring when response 
s sr (n + 1) is the same as response r (1); or (c) disproof of possible patterns 
s s(DP) when r (n + 1) differs from r (1). The maximum range, n, of one cycle 
of a regular pattern was never more than three intervals. This range of three 
intervals was arbitrarily used also as the maximum range in defining points 
of RP. For n = 1, 2, and 3, a total of 19 RP points were present in the 
entire task. Eleven of the RP points were due to chance repetitions of task 
responses and were followed by DP points at the next interval in the sequence. 
Intervals which could be classified as more than one type of interval, e.g., 
an interval which disproved one pattern but indicated the possibility of another 
were not used. Of the 210 intervals comprising the task, 14 were finally 
classified as RP, 10 as DP, and four as CP. Since a HR change occurring 
near the end of one interval may show up as a change in the following interval, 
the interval immediately following each of the above intervals was also 
classified as that type interval (see Appendix D).
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The use of the observational points outlined above could not have replaced 
use of the IR in the study of insight. There were two reasons for this fact: 
(a) the points were not directly related to observable behavioral changes; and 
hence any HR correlates could not be ascribed to insight; and (b) there was no 
guarantee that the S would perceive the significance of information at its time 
of arrival. It was possible that an j>, having overlooked the first stages of 
development of a regular pattern, might discover the pattern at some later 
point. This J3 could then determine how close the pattern was to meeting the 
condition for correct prediction by referring to his response record. Thus, 
an overt prediction could be made as a result of insight occurring at any time 
preceding the prediction and following the point defined as RP, i.e., any time 
within the IR. Use of observational points as a supplement of IRs does, 
however, provide for identification of possible correlates of task variables 
which are in turn related to insight, e.g., a reception of information required 
for a given portion of the task.
Heart rate patterns. -- A HR pattern was defined as the occurrence in n 
intervals of up to n - 1 reliably large shifts in number of beats per interval, 
where the first interval preceded and the nth interval followed such a shift. 
This definition, to be useful, requires a stipulation of the minimum number of 
consecutive intervals containing no significant changes needed to separate two 
patterns. The shortest IR lasted for six intervals, a duration of one minute. 
This number of intervals was considered to constitute an adequate upper bound 
for duration of HR patterns of interest in this study. A six-interval pattern, 
by the above definition, may be composed of up to four consecutive intervals 
containing no significant changes. Hence, five or more consecutive intervals 
are defined as separating two patterns.
Differences of two or more beats per interval were accepted as reliable 
indicators of true shifts in HR (see Appendix B). For HR shifts occurring
16
within an interval, this probability becomes a lower bound, and the criterion 
of a two-beat difference becomes more conservative. To eliminate effects of 
long-term shifts in base HR, only adjacent intervals were compared. Such 
comparisons might show no significant rate changes, or they might show 
significant increases or decreases in rate. For an n-interval segment in 
which the first and nth intervals differ significantly from immediately adjacent 
intervals, there are 3^ • 2C possible different patterns, where p + c = n - 1, 
c = n - 1 for 0 < n < 3 and c = 2 for n > 3. This expression follows
Table 2
HR Patterns Found in 16 Subjects 
Pattern Types
Intervals Number of Patterns
in Pattern Number Possible Number Found of All Types Found
2 2 2 121
3 4 2 58
4 12 6 17
5 36 6 176 108 9 10
7 324 2 38 972 2 2
9 2,816 2 210 25,344 3 3
34 Total Types 233 Total Patterns
from the fact that an n - interval segment can show n - 1 possible shifts, 
c of which will be significant in one of two directions and p of which may 
vary in one of three ways.
Of the total of 3,344 possible adjacent comparisons, 440 proved to be 
significantly large, i.e., showed differences of two or more beats per interval. 
These significant HR shifts combined to form a total of 233 individual 
patterns of 34 types. Four types of patterns described 179 of the individual 
patterns, while none of the remaining 30 types described more than six 
patterns (see Table 2).
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The four most frequent pattern types were: (a) a positive step (PS), consisting 
of a single increase in HR (66 cases); (b) a negative step (NS), consisting of a 
single decrease (55 cases); (c) a positive pulse (PP), consisting of an increase 
followed immediately by a decrease (21 cases); (d) a negative pulse (NP), 
consisting of a decrease followed immediately by an increase (37 cases). It 
should be noted that the use of a conservative criterion of HR change biased 
results in the direction of finding simple patterns, e.g., a pattern having 
three actual shifts of HR which were small compared to the criterion might 
be indicated at different times as a pattern with three, two, or one shifts, or
Table 3
Probability of Observing a Pattern of N Rate Changes When a 
Pattern of Two Rate Changes of Specified Magnitude Has Occurred
Mean Change in Rate (Beats per Interval)
N 0.5 1.0 1.5 2.0 2.5 3.0
0 .9671 .7017 .2303 .0187 .0004
1 .0326 .2720 .4992 .2364 .0372 -
2 .0003 .0263 .2705 .7449 .9624 1.0000
as no pattern at all. It is thus possible that the step patterns, PS or NS, were 
actually pulse patterns, PP or NP, for which one of the changes in rate was 
not sufficiently large to pass the criterion of two or more beats per interval. 
Table 3 shows the probabilities of observing zero, one, or two significant 
changes for patterns actually having two changes of the indicated differences 
in rate. Notice that the four major pattern types could be explained as the 
result of only two pattern types (PP and NP) having changes of rate of about 
1.5 beats per interval. If larger patterns are postulated, even smaller 
changes in rate can account for the obtained results, e.g., actual patterns 
of seven changes of one beat per interval would produce the same approximate
18
proportions of two-, three-, or four-interval patterns. Complex patterns of 
more than seven small rate changes, such as those caused by normal respi­
ration effects, would produce the observed number of significant rate changes 
with relatively small probability.
Use of a less conservative test of significance would be of no help in 
clarifying the situation since a decrease in B would be more than offset by an 
increase in a (see Appendix B), causing even more distortion of any actual 
patterns present. The fact that patterns cannot be reliably identified does not 
mean, however, that no conclusions can be drawn with respect to possible 
relationships with insight. Fragments of insight-correlated patterns will also 
be correlated with insight. This correlation, if present, will decrease in 
proportion to the similarity of these fragments to patterns or fragments of 
patterns which are not correlated with insight.
Each of the 179 patterns of the four major types, NP , PP , NS, and PS, 
was identified by the problem interval number in which the first significant 
change occurred. This interval was then used to determine if the pattern 
coincided with one of the four types of task intervals, IR, R P , CP, and DP.
The binomial approximation of the hypergeometric probability of the number of 
coincidences was computed for each combination of _S, task interval-type, and 
HR-pattern type. These probabilities were then used to compute the probability 
across all subjects that the observed number of coincidences of a given HR 
pattern with a given task interval was due to chance alone (see Table 4). There 
was no indication that there was anything other than a chance relationship 
between any of these pattern types and any of the task-interval types.
It is possible that the indicated lack of relationships between the two 
variables might be due to the confounding of several patterns as a result of 
unreliable HR pattern identification. Two different methods were used in an 
attempt to gain reliability in this identification. The first approach was to
Table 4
Occurrences of Heart Rate Patterns Within Specified Task Intervals
HR
Pattern
Interval
Type 1 2 3 4 5 6 7
PP Total3 4 2 0 1 1 2 0
RP 0 0 - 0 1 0 -
CP 0 0 - 0 0 0 -
DP 0 1 - 0 0 1 -
IR 1 1 - 0 0 1
NP Total 2 4 1 2 3 1 5
RP - - - - 1 - -
CP 0 0 0 0 0 0 0
DP 1 0 1 0 0 0 0
IR 0 0 1 0 2 0 1
PS Total 6 4 6 6 3 7 0
RP 0 2 1 2 0 0 -
CP 1 0 0 0 0 1 -
DP 0 0 3 1 1 2 -
IR 2 . 2 1 3 2 2 -
NS Total 5 4 5 5 3 3 2
RP 1 0 1 1 1 3 0
CP 0 0 1 0 0 0 0
DP 0 0 1 0 1 0 0
IR 1 1 4 3 1 1 1
Subjects
8 9 10 11 12 13 14 15 16 Probability
0 2 3 0 1 0 2 0 3
- 0 0 - 0 - 0 - 1 1.00
- 0 0 - 0 - 0 - 0 1.00
- 0 1 - 0 - 0 - 0 .98
- 1 2 - 0 - 0 - 0 1.00
0 6 1 2 1 4 3 1 1 \
- 1 0 1 0 0 1 0 0 1.00
- 0 0 0 0 0 0 0 0 1.00
- 1 0 0 0 0 0 0 0 1.00
- 3 0 0 0 0 0 0 1 1.00
3 4 4 5 2 4 4 5 7
1 0 1 1 0 1 0 2 0 .86
0 0 0 0 0 0 0 0 0 1.00
1 0 0 0 0 0 0 0 1 .92
2 1 1 3 2 3 1 1 4 .67
1 6 2 5 2 7 2 1 2
1 0 1 2 0 2 0 0 0 .44
0 0 0 0 0 0 0 0 0 1.00
0 0 0 1 0 0 0 0 0 1.00
1 3 1 1 0 3 0 0 0 .98
Total number of HR patterns of this type occurring in all problem intervals of the experiment for 
k this S.
Probability that these results would occur by chance for a group showing this number of total 
patterns.
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isolate the most significant HR changes. By making the criterion of signifi­
cance even more conservative than it was previously, the points at which the 
largest changes in HR occurred were determined. The 54 points showing HR 
shifts of more than three beats per interval were identified with the interval 
numbers in which change occurred. The number of coincidences with the 
various task-interval types was again determined. Increases and decreases in 
rate were pooled since they were found to coincide with each of the task 
categories in approximately equal numbers. Again there was no indication of
Table 5
Occurrences of HR Changes in Three or More Beats 
per Interval Within Specified Task Intervals
Subj ects
Interval Type 1 2 3 5 9 15 16 Probability
Total2 27 4 1 2 6 7 7
RP 4 1 0 0 0 2 0 .92
CP 1 0 0 0 0 0 0 1.00
DP 4 2 0 0 1 2 0 .40
IR 10 2 1 0 1 4 3 ,80
. -- Ss 4, 6, 00 10, 11, CMi-H 13, and 14 showed no cases <
changes of this size, 
aTotal number of changes of three or more beats occurring in all problem 
intervals of the experiment for this _S.
^Probability that these results would occur by chance for a group showing 
this number of total patterns.
other than a chance relationship between the variables (see Table 5). The 
second approach toward making patterns more reliably identifiable was to 
utilize more of the HR information available in intervals surrounding those of 
interest. It is possible to use information from the intervals immediately 
following and preceding a given interval by following a procedure in which the 
number of beats, b , in interval n is replaced by b ' = 2b - (b . + b .
The new HR measure produced by this definition has greatest magnitude at 
points where the original HR measure indicated reversals in HR trends, e.g.,
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when a gradual increase in HR over several intervals shifted to a decrease 
over several intervals. Heart rate patterns may be defined for this measure 
in the same way that patterns were defined for the original HR data. Since 
changes of two units will result from isolated shifts of one beat of the original 
HR data, only patterns showing changes greater than two units of the new 
measure were found. Two of these, PS', with 262 cases and NS', with 253 
cases, correspond to the step patterns found in the original data. A third 
pattern, DN', showed 71 cases of two adjacent measures which were signifi­
cantly negative. Occurrences of the patterns in IR intervals were evaluated 
(see Table 6). Occurrences of the patterns in the other three more specific 
interval types were not considered since this measure tends to shift effects of 
a change in original HR data to adjacent intervals in a non-predictable manner. 
Again, no relationship seemed to exist between the patterns and task intervals.
By setting the sum of b ', b ', and b ' equal to b ", it is possiblen- i n n+1 n r
to provide a measure which is less affected than b 1 by one-beat changes in 
the original data. This third measure, b ", showed three major types of 
patterns consisting of units having absolute values of two or more. Changes in 
original HR data of one beat per interval will produce values of b " having 
absolute values of less than two. The three patterns corresponded to the step 
patterns (PS", 505 cases and NS", 495 cases) and to the positive pulse 
pattern (PP", 106 cases) of the original data. Coincidences of these patterns 
with IR intervals are shown in Table 6. There does not appear to be any 
significant relationship between the HR patterns and the task interval.
Table 6
Occurrences of Heart Rate Patterns Within Insight Region Intervals 
Interval
Pattern Type 1 2 3 4- .... 5 6 7 a 9 10 11 12 13 14 15 16 Probability
PS' 2Total 36 19 11 9 16 9 20 5 27 8 16 7 10 23 18 28
IR 13 8 6 3 8 2 7 3 7 5 4 2 6 8 9 13 .45
NS' Total 41 16 9 13 13 11 17 5 21 10 14 11 13 19 21 19
IR 18 5 5 3 6 2 8 3 5 7 6 2 5 7 10 10 .23
DN' Total 12 4 4 2 6 1 0 1 5 6 7 1 1 4 6 11
IR 5 0 1 1 2 1 - 1 3 2 3 0 0 0 2 4 00
PS" Total 52 39 26 25 32 29 26 20 44 21 20 30 28 35 48 30
IR 22 14 14 10 13 12 11 13 18 7 7 13 9 12 23 9 .52
NS" Total 48 39 26 26 35 24 25 20 43 24 26 24 37 23 33 42
IR 19 16 11 9 8 8 9 7 18 8 8 8 11 7 13 15 .93
PP" Total 8 8 3 9 6 6 13 8 6 5 5 3 5 4 8 9
IR 4 2 2 5 1 2 5 3 2 1 1 1 3 2 4 3 .98
aTotal number of HR patterns of this type occurring in all problem intervals of the experiment 
of this
^Probability that these results would occur by chance for a group showing this number of 
total patterns.
r-o
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Discussion and Conclusions
The findings of this study generally support those of Schnore (1959) and 
Blatt (1961), who, among others, have found HR to be inadequate as an 
isolated intersubject correlate of mental work.
With _Ss and task similar to those of this study, it does not appear that 
reliable specific patterns will be found as long as respiration effects force 
use of procedures which cause uncertainty of HR-change identification. A 
possible answer to this problem would be a recording method by which 
respiration changes were used to adjust automatically for respiration effects 
in HR.
The findings of Deane (1961) demonstrate that accelerations and 
decelerations of HR are correlated respectively with "anxiety" and "fear" 
associated with electric shock. Between the extremes of threat of physical 
punishment and what is essentially a vigilance task, there might be other 
situations in which insight leads to reliable HR patterns. Until effects of 
respiration on HR are eliminated, however, the possibility of finding reliable 
patterns more subtle than a large step function is small.
R
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Appendix A
Heartbeats per Ten-Second Intervals for 16 Subjects 
Table 7 shows the number of heartbeats in each task interval for each _S. 
Task answers are given in the "answer" column in the same relative position 
in which the problems appeared on the TV screen. An "SSS" in the answer 
column indicates that a title slide rather than a problem was presented during 
that interval.
Special types of responses by a S are indicated by symbols beside that 
jS's heartbeats for the given interval. An "X" indicates first correct 
prediction, '*0", incorrect prediction, "E", incorrect answer, and "N", no
response given.
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T a b le  7
H ea r tb e a ts  p e r  T e n -S e c o n d  In te r v a l
SUBJECT
INTfcnvAL *NS»ER
1 2 3 4' 5 6 7 8 9 10 11 12 13 14 15 16
1 SSS 1? 15 1/ 1 7 21 1 6 16 11 15 18 23 13 16 16 16 17
2 6 12 1/ 17 16 2c, 14 16 12 16 18 22 U 16 17 16 14
3 3 13 16 1/ 16 2 0 16 16 12 16 18 24 14 16 16 16 15
4 " 1 13 17 17 15 22 15 16 11 16 19 22 13 17 16 16 14
5 3 12 16 1 7 15 21 14 16 11 16 18 23 13 16 17 14 14
6 7 12 14 17 14 21 14 16 11 14 17 22 13 16 15 15 14
7 4 12 16 16 12 22 14 16 11 15 17 22 13 16 15 16 13
• 8 13 14 17 14 22 16 16 11 13 17 21 14 15 16 16 14
9 5 11 15 15 13 21 14 16 11 13 17 20 13 16 16 16 15
10 8 12 14 16 1 4 2(1 15 15 11 13 17 20 14 14 16 15 14
11 4 12 14 17 12 ?0 14 15 1 1 13 17 ?0 1< 15 16 16 14
1? ,2 1? 1 4 17 13 21 1« 16 1? 14 17 19 13 16 15 12 15
13 5 13 15 16 14 21 12 l 4 11 12 18 19 12 14 16 15 14
14 2 14 14 16 • 13 21 14 16 12 13 17 19 12 16 15 16 14
IS 3 1? 15 16 14 2 o 14 1« 1 1 14 18 20 13 16 15 16 14
16 2 1? 1« 16 14 20 14 16 12 13 1 7 20 12 16 14 16 14
17 1 1? 1 4 1 7 1 2 2 C 14 16 13 13 17 21 13 16 16 16 15
18 3 12 ! 5 16 14 2 C 15 1« 11 13 16 19 13 15 15 17 14
19 7 12 14 16 14 2p 15 16 1 2 14 18 19 13 16 14 15 14
20 6 12 15 16 15 2 U 14 16 12 13 18 20 14 16 16 16 15
21 3 i : 16 ! 7 14 2 C 16 14 11 14 18 19 13 15 14 14 14
22 3 13 15 16 1 4 2] 16 16 1 2 15 18 19 14- 14 16 16 14
23 5 14 16 17 15 21 16 16 12 13 19 18 15 16 14E 15 17
24 3 14* 17X 17 x 15 < 2? X 16 1 7 X 11X 13 18 2 0 X 15 16 160 16X 16X
25 6 17 16 16 15 22 16 16 11 14E 17 19 15 16 14 15 16
26 1 13 16 17 14 2? 16 16 11 14 17 ?0 15 15 16 16 17
27 3 1 4 N 15 17 1 4 2l 15X 16 12 12 19X 20 15X 16 14 16 16
28 2 13 • 16 16 13 21 16 16 11 15 19 19 14 17 14 15 15
29 8 13 15 1* 13 ?1 16 16 12 13 18 20 16 16 15 16 15
30 3 13 16 15 l 4 ?\ 16 15 12 14/ 18 21 15 1 7 X 15X 16 15
31 3 11 15 : 5 13 2 J 14 16 11 120 17 19 13 17 15 16 14
32 1 12 16 17 14 2 l 14 16 12 13 17 20 14 1 7 15 16 14
33 j 11 15 16 1 5 ¿1 14 16 11 14 1 V 20 l 4 15 15 16 14
34 8 12 1« 1 7 13 19 14 16 11 150 1 7 19 l 4 16 15 16 14
35 8 11 1« 1 7 1« 21 15 16 12 12 1 7 19 14 15 15 16 14
36 3 12 16 17 14 2n 15 17 11 14 18 20 14 16 14 16 14
37 7 11 15 16 1*» 2: 14 1 6 12 14 18 20 15 16 15 15 15
38 1 11 15 17 14 15 17 1 1 14 18 18 14X 15 16 16/ 16
39 3 : ; 1 6 1 7 15 2 o 15 18 .12 10 18 20 15 15 16 16 15
<C 6 13 1 4 1 7 1 5 1« 17 ’l l 1 4 X 18 16 15 16 15 16 16
41 7 14 160 160 ; 4 o 2 P 150 1 70. 11 14E 19 18 0 15 150 14 160 15
<2 3 1 1 17 17 l 4 2; 16 16 1? 14 18 20 l 4 15 16 16 14
43 6 11 15 16 12 1 9 14 16 11 160 18 19 13 16 15 15 14
44 8 12 15 16 13 19 14 lb 11 14 17 18 13/ 16 16 15 15
45 3 13 ;5 15 I 4 19 13 16 12 15 16 16 14 16 15 16 15
46 8 11 14 15 1 3 18 15 16 11 13 18 19 14 16 15 15 15
47 6 14 17 17 12 19 1« 16 12 13 i be 18 13E 15 14 150 14
4# 3 13 16 16 12 2 o 15 16 11 15 18 19 14 16 15 16 16
49 1 13 13 16 12 19 14 16 1 2 13 1/ 18 l 4 14 14 15 14
*0 7 1? 15 15 12 1 9 15 16 11 13 17 19 1 4 16 15 17 16
51 3 13 15 16 12 19 14 16 1 2 13 18 2 0 13 16 15 16 14
52 5 12 1« 17 12 2 o 14 15 11 14 17 18 11 15 15 16 14
53 4 12 14 17 12 19 15 16 12 14 17 18 13 15 16 17 14
54 3 12 16 17 14 2 c 14 16 1 2 13 18 19 l 4 16 16 16 14
55 8 12 14 16 13 19 15 16 11 14 17 16 14 16 14 16 14
56 2 11 15 16 14 19 14 16 12 13 17 19 13 . 16 16 16 15
57 3 12 15 16 14 2n 15 16 12 13 1« 20 13 16 15 16 14
58 6 12 15 15 13 19 15 16 11 14 18 18 13 15 16 16 13
5 » 7 12 14 16 12 18 16 16 13 15 17 18 13 14 15 16 15
60 3 12 15 1? 12 2 0 15 16 1 2 14 19 19 14 16 14 16 IS
61 7 14 14 17 12 19 15 15 12 14 O 17 19 13 15 15 16 15
62 4 11 1* 16 12 19 14 16 11 15 18 18 14 16 14 16 15
63 3 13 15 17 13 19 15 16 13 14 18 18 14 16 15 16 14
64 3 11 14 16 13 19 14 16 13 13 18 17 14 17 14 16 14
65 2 13 15 16 13 19 15 17 13 14 18 19 13 15 14 160 17
66 3 12 15 17 14 2 0 14 17 12 13 18 18 14 15 14 16 16
67 1 13 16 17 14 18 15 16 11 13 18 18 13 15 15 16 15
68 7 12 15 16 14 19 16 17 X 12 14 X 16 18 13 16 16 16X 16
69 3 15 13 16 15 2l 15 17 12 13 18 19 13 15 14 16 15
70 6 11 12 15 13 19 14 17 11 14 0 17 18 13 14 16 16 16
71 4 12 13 15 13 19 14 17 12 14 17 17 X 14 15 14 15 16
72 3 12 ' 14 16 14 20 16 16 12 15 18 19 14 16 15 16 15
73 4 13 15 16 14 19 14 16 12 15 17 IB 14 16 16 16 14
74 2 13 14 16 14X 19 14 16 12 14 18 18 13 16 15 15 16
79 3 12 15 19 13 19 14 17 12 14 17 18 14 15 16 15 14
76 5 13 14 17 13 19 16 16 U 120 18 18 13 14 14 16 14
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T a b le  7 (C on t in u ed )
SUBJECT
INTEBVAI AMSMfcR
1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16
77 7 13X 14X 17 14 2üX 15X 17 12X 14 18 18 13X 16X 16X 15 14X78 3 13 15 19 13 21 15 16 1? 14 18 18 13 16 15 16 1579 3 13 14 17 13 19 15 16 11 13 17 17 14 16 14 17 1580 4 12 15 ie x 13 19 15 1 7 12 13 1BX 18 14 17 16 16 1481 3 12 15 1 7 13 20 15 16 11 14 18 16 14 16 15 16 15Í2 7 1? 15 17 12 19 14 15 11 130 17 18 12 15 14 16 1563 2 11 15 16 13 19 15 16 12 13 18 18 13 15 15 16 1464 3 14 14 17 13 19 14 16 11 14 18 17 12 15 15 16 1685 2 13 15 16 13 18 14 16 10 15 16 -16 13 14 14 160 1386 7 1 3 15 16 13 20 14 15 12 13 17 18 12 15 15 16 158 7 3 14 15 16 13 20 14 15 11 14 17 19 13 16 15 16 1488 - 5 12 .1 4 15 13 18 13 16 1? 15 17 17 12 17 15 15 1489 4 12 14 15 12 20 15 1.6 11 13 18 18 12 16 16 16 1690 3 13 14 16 12 19 15 16 1? 13 18 17 12 14 14 16 1591 1 11 15E 15 12 16 14 15 11 14 17 18 12 14 16 16 15
92 2 13 13 16 13 20 15 16 U 14 17 18 12 15 14 16 1493 3 12 15 16 13 19 15 16 11 14 1 8 18 13 15 15 16 1494 5 13 15 16 13 18 15 16 12 14 0 17 17 13 16 13 16 1595 7 12 1 4 1 7 13 1 9 15 16 11 13 17 19 13 16 150E 15 15
96 3 12 15 16 12 17 15 16 12 14 19 18 13 15 14 16 1797 1 14 15X 16 13 19 15 16 11 1 4 X 17 18 14 16 15 16X 15
98 4 12 14 16 14 20 14 17 12 15 18 19 14 16 15 16 1499 3 11 1 4 16 14 20 14 16 11 13 17 18 13 15 15 16 16100 5 13 1 < 16 14 19 14 17X 11 14 18 19X 13 16 16 15 16101 2 12 14 1 7 15 19 14 17 11 15 18 18 13 15 16 16 16
102 3 13 14 18 13 19 14 17 11 14 17 19 14 15 15 17 14103 1 14 16 1 / 13 19 14 16 1 1 15 18 18 13 14 15 16 14104 7 13 14 17 13 19 15 17 11 12 18 18 12 15 15 16 16105 3
5
12 15 16 13 19 14 16 1 ? 14 18 18 12 16 15 15 15I 06 12 X i5 16 X l3 19X 15X 16 11X 13 18 18 13 X 14X 16X 16 15X107 4 12 X 4 16 13 20 15 16 ' 11 13 18 18 12 15 18 16 14
106 3 •• . 11 15 16 12 19 14 16 11 13 17 18 12 15 15 17 15109 1 14 15 18 12 18 15 16 ' 1 14 1BX 18 13 15 15 15 15
113 2 14 14 ib 12 19 15 16 11 14 18 18 12 15 14 16 14
111 3 14 15 1 7 12 20 14 16 '2 15 17 18 12 15 15 14 15112 5 10 15 1/ 12 18 15 15 11 15 18 16 12 15 14 14 13113 7 11 13 l 7 11 19 16 16 : i 14 19 19 13 15 15 15 14114 3 13 15 1/ 11 19 15 15 U 14 17 18 11 15 15 16 14
115 1 11 16 17 13 18 15 16 M 13 16 19 13 15 15 16 15116 sss 13 17 17 l4 2 0 15 16 U 13 18 18 11 16 14 14 16117 7 13 15 1 1 1 4 2 0 14 16 12 13 17 17 13 15 14 16 15
116 1 11 15 1 7 1 3 2r 16 1 6 11 13 17 17 13 16 14 16 15119 4 11 15 1 7 11 1 9 15 16 1 0 13 16 16 12 17 15 14 15
12o 4 14 15 16 12 18 14 14 11 14 1 7 1 7 12 16 15 150 14
121 7 12 13 16 11 19 1 4 16 11 14 18 17 H E 16 15 13 14122 7 12 14 16 11 18 14 14 11 13 16 18 12 14 15 15
l3123 1 11 15 16 12 19 15 16 11 14 18 18 12 16 16 120124 5 12 I4 16 12 18 14 14 11 14 18 1 7 12 16 14 120 15
125 1 11 15 16 12 18 14 15 1? 13 18 17 11 15 14 130 15126 4 15 i6 16 11 19 15 16 11 14 18 17 12 15 14 13o 14127 1 12 15 15 13 18 14 14 11 12 18 17 12 16 15 l i o 14128 3 15 16 15 12 17 14 16 11 14 17 17 12 16 14 140 13129 6 12 120 15 11 19 14 14 1 2 130 19 16 11 16 15 150 1413o 7 13 14 13 13 19 15 1 6 11 13 17 17 11 16 14 11 15131 6 13 15 15 13 19 15 16 H 14 18 17 12 16 14 l i o 14
132 1 11 13 15 12 17 14 14 12 14 17 18 12 16 14 120 15133 5 16 16 15 14 19 15 15 1? 14 17 17 12 16 15 160 14134 7 12 15 14 14 18 15 16 12 13 17 18 13 16 14 160 15135 8 11 16 15 13 19 14 15 11 13 17 18 12 15 14 150 16
136 1 14 15X 15 14 19 15 14 12 14 17 17 12 16 14 14 ° 13
137 6 12 14 16 14 19 15 15 11 13 17 18 13 14 14 18 16
136 2 14 14 15 13 19 14 16 13 13 17 16 13 14 14 17 14
139 7 12 15 15 14X 19 15 14 12 13 17 íex 12 14 14 13 15
14o 8 14 16 14 13 2 0 15 14 11 14 17 18 12 15 15 16 13
1*1 1 12 14 16 13 18 15 14 11 14 16 17 13 16 15 14 16
142 5 12 15 15 13 18 14 14 12 13 17 17 12 15X 14 15 15
143 4 13 14 15 11 ie 15 15 11 13 17 17 12 16 15 18 16
144 2 12 150 15 12 18 14 16 12 15 17 18 12 16 16 13 14
145 1 14 15 15X 13 18 14 X 15X 11 13X 16 18 11X 15 14 16 16X
146 6 14 15 15 14 19 14 16 12 13 16 17 12 16 14 14 15
147 1 13 16 15 13 19 14 140 11 13 17 17 12 14 14 15 14
148 7 16 16 15 13 19 15 16 12X 14 17 17 12 16 14 16 15
149 2 13 16G Í4 13 19 14 160 U 140 17 17 13 16 15 15 15150 2 13 15 16 12 19 16 15X 11 12 17 17 12 15 16 14X 14
151 5 12 15 15 13 19X 14 16 12 14 17X 17 12 16 15X 15 15152 3 15 14X 14 13 19 15 14 12 11 17 16 12 14 14 14 16
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T a b le  7 (C on c lu d ed )
SUBJECT
|MTEftV*L •fcSMER
1 2 3 4 5 6 7 a 9 10 11 12 13 14 15
153 4 12 : 40 14 12 19 14 16 12 120 16 lb 12 15 13 120
154 1 130 l  4 15 13 19 15 15 12 13 17 17 11 15 15 11
155 8 13 ; 3 1 5 12 18 1* • 15 U 13 16 18 11 16 14 12
156 3 11 « 4 15 1 3 18 16 16 1 2 15 1 7 18 12 16 14 17
157 7 12 15 15 1 3 19 16 15 11 13 17 18 11 16 14 16
158 3 11 1 4 O 1« 1 3 18 15 1 4 1 2 14 1« 16 12 16 14 16
159 7 11 16 16 1 3 1 9 15 14 11 1 1 1 7 18 11 15 15 16
16o & 13 15 1« 13 2 0 15 15 1? 14 1 7 1 8 12 15 15 16
161 1 13 160 13 12 19 15 160 12 140 16 18 12 16 14 16C
162 2 12 16 15 13 19 14 14 12 13 1 7 19 12 16 15 15
163 1 • 1 3X • 4 15 13 2 0 16 15 : l 1? 1 7 18 11 16 14 16
164 5 14 14 15 11 19 15 16 12 13 17 18 12 15 16E 16
165 8 11 ; 4 1« 13 19 14 16 l? 1? 1 ? 18 12 14 14 17
166 7 13 15 14 12 18 15 15 1 2 12 17 18 12 15 14 16
167 2 U 150 14 H 17 14 14 i • 14 17 1 7 13 16 15 150
16« 5 12 13 16 1 3 1 7 15 15 1 2 13 17 18 12 15 14 16
16« 5 13 15 15 1 2 19 15 16 1 i 14 1 7 16 13 15 14 15
170 4 i i 15 14 12 1 7 16 14 1 2 1? 16 1 / 11 16 15 140
. 171 3 1 3 16 15 11 1 7 15 16 12 13 1 7 18 12 . 15 15 16
172 1 11 14 15 12 19 16 15 11 13 16 lb 12 15 15 16
173 2 11 16 16 12 18 14 15 12 14 1 7 16 13 16 14 15
174 1 12 15 16 12 19 15 16 12 13 16 lb 13 14 14 16
175 7 11 14 17 13 19 16 15 11 130 16 18 12 15 14 15
176 2 11 160 15 12 18 15 16 11 13 17 16 12 16 13 r 16
177 2 12 1 7 15 13 18 15 1 4 12 15 17 16 12 15 14 17
17« 5 13 15 15 13 19 15 16 12 14 17 17 11 15 15 16
17» 2 12 15* 15 12 19 14 14 •-1 14 xa 16 13 16 17 16*
180 1 13 15 16 13 18 15 16E 11 13 . 16 18 12 16 17 16
181 1 :? ;  4 1 4 13 ?0 15 16 13 14 17 19 11 16 lb 16
182 2. 14* ^ 4 15* 15X 18 15 15X 12X 14* .17 i e * 13X 16X 16 16
183 3 1 0 : *c 16 14 19 1« 15 11 140 17 18 1 3 16 15 150
184 7 12 14 16 15 19 16 15 12 14 17 1b 11 ■ 15 17 16
185 2 1 3 15 16 14 lax 15* 15 11 13 1 7 X 19 12 16 16* 16
186 7 13 15 16 12 19 15 15 11 12 17 19 12 16 17 16
187 5 1? " 15 14 12 18 1« 16 12 14 17 19 11 16 16 16
188 2 11 15 1« 12 lb 15 15 11 13 18 19 12 16 16 17
189 6 12 16 15 12 19 15 15 1*2 13 18 17 12 16 14 x6
190 ; i ; 1 5 16 12 20 15 15 12 12 1 7 16 11 15 16 15
191 2 1 4 5 15 :2 18 15 16 12 14 18 17 11 15 17 16
192 8 0 -.5 1« 13 17 16 1 4 11 13 1 7 16 12 14 16 17
193 7 11 : s 1 4 13 ie 15 I f 1? 15 1 7 lb 11 lfc 17 17
194 2 l ; :5 14 13 17 15 15 12 16 18 lb 12 15 16 16
195 6 12 : 7x 1 3 12 17 16 15 11 13 18 18 12 14 1 7 16
196 5 11 17 14 12 18 15 15 12 12 18 17 12 16 16 15
197 2 13 16 15 12 18 16 15 12 12 18 17 12 15 15 17
198 8 14 15 13 12 18 16 15 11 13X 18 17 11 16 14 16X
19« 1 15 16 16 12 19 15 15 11 14 1 8 18 12 15 15 16
200 2 11 15 15 12 la 15 16 U 13 1 7 18 11 15 14 16
201 6 1? :5 16 12X 18 16 14 11 11 1.7 IB 11 16 14 16
202 7 16 15 16 13 18 15 16 11 12 19 17 11 15 14 16
203 2 14 15 16 13 18 15 15 12 12 17 18 13 15 15 17
204 8 12 15 16 14 18 1« 15*. 11 11 1 7 X 16X 12 16X 14 16
205 5 12 17 17 13 ie 14 16 12 12 17 18 12 15 14 16
206 2 12 16 16 13 19 15 15 1? 14 18 lb 12 16 14 15
207 6 11X 16 16X 14 1 9X 14X 15 U X 15 18 17 UX 16 15X 16
2 o 8 1 13 15 15 13 19 14 16 11 12 18 18 11 15 14 16
2 0 9 2 12 16 16 12 19 15 15 11 14 17 18 12 15 14 15
*10 a 13 16 15' 12 ie 15 16 12 14 18 18 11 15 14 15
211 7 12 16 15 12 18 1« 15 1 2 13 18 IV 11 16 15 15
212 2 12 16 15 12 18 16 15 11 13 17 18 13 17 15 18
213 6 13 16 1« 12 1 7 16 15 12 13 18 1 7 11 16 14 15
214 5 11 1 7 13 11 1 7 15 15 12 12 17 17 12 l5 14 15
215 2 11 16 14 13 17 16 16 12 13 18 17 11 16 14 15
216 8 13 17 14 11 18 16 15 11 11 17 17 12 16 15 14
217 1 14 15 15 12 18 15 15 11 13 17 18 11 15 15 17
2lB 2 12 14 14 1? 17 16 15 12 13 17 1« 11 15 14 16
219 6 11 15 15 13 17 16 15 11 13 18 18 12 16 14 1«
220 7 12 16 16 13 17 15 15 12 14 17 19 12 15 14 16
221 2 11 • 15 15 13 17 15 15 11 14 17 17 •: 16 15 16
222 8 12 15 15 12 18 15 16 12 13 17 17 12 15 15 17
223 5 13 16 15 12 17 15 16 11 13 18 18 12 15 14 15
224 2 13 14 15 12 18 16 15 12 14 17 17 12 16 14 14
16
16
1«15
1414
161<1«
14
14
16
14
14
15
14
14
15
14
13
14
16
14
14
15
15
14
15
14
13
1« X
15
14
15
16
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14
14
14
14
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15
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15
15
14
14
14
15
13
16
14
14
13X
14
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14
1513
15
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14
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Appendix B
Computer Recording of Physiological Data
Use of a digital computer to record heart-rate (HR) data provides a review 
of some general problems associated with computer recording of any measur­
able physiological process. While HR is a discrete measure and is thus 
already in the form required by the digital computer, it is a relatively simple 
process to approximate continuous measures to any degree of accuracy 
required. The digital representation of a physiological measure must usually 
be recorded in a manner that provides accurate identification of the measure 
with respect to some time base. The choice of time base represents a possible 
point of experimental control. In this experiment the digital information 
consisted of representations of heartbeats summed within consecutive ten- 
second intervals. This interval was specifically chosen to be long enough to 
balance out respiration effects on the measure, yet short enough to detect 
possible changes due to the independent variable, i.e., an insightful task of a 
given duration. It would have been equally possible to record the occurrence 
of each heartbeat against a much finer time base, e.g., intervals of 1/60 of 
a sec., and later process the resulting data in such a way as to control the 
extraneous respiration effects.
Two general problems arise in the recording of data by computer:
(a) data effects on the accuracy of the time base, and (b) the interpretation of 
events occurring in constant, finite intervals. The effects of these problems 
are demonstrated by the data resulting from this experiment.
Data effects on time base. -- Information processing consumes finite 
amounts of time. If more than one unit of information must be processed by 
the same section of a computer, one unit must wait. In the case of one of the 
units being time information and the other being data information, the result 
is either a distortion of the time base or of the data, depending on the
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particular program the computer is following. The present experiment serves 
to illustrate the effect of delays due to the relatively large information input 
time of 0.2 seconds.
In addition to storing heart-rate data, the computer presented stimuli and 
treated and stored responses to these stimuli. To preclude the missing of 
incoming HR data during the performance of one of the latter operations, 
summing of incoming heart pulses was given first priority in the computer 
program, i.e., the initiation of any operation by the computer could be delayed 
for as much as 0.2 second, the duration of one heart pulse, if it coincided 
with an incoming heart signal. The effect of such a delay is easily observed 
by requiring the computer to indicate the time at which programed operations 
are carried out. Comparison of the time an operation (e.g., placing summed 
heartbeats for an interval into a permanent memory location) was performed 
with the time it was programed to be performed gives a measure of the 
delaying effect of incoming pulses. Time of storage of summed heartbeats 
is of interest for two reasons: (a) significant departures from a ten-second 
interval would mean that sums of heartbeats from different intervals would not 
be comparable, e.g., one being over a ten-second interval and the other over 
an eleven-second interval, and (b) storage time marked the end of one interval 
and the beginning of another; hence individual delays would cumulatively result 
in differences in the duration of the experiment from subject to subject.
A total of 3,584 intervals from 16 subject records was examined. The 
duration of each of these was measured to 1/60 sec. by the internal clock of 
the computer. The programed duration of these intervals was 10.000 seconds. 
Actual durations due to delays for incoming heart data are given in Table 8.
The distribution of intervals in Table 8 is the expected result of an event of 
about 0.2 second duration occurring at the average HR, i.e., about 16 times 
in 10 seconds. The programed duration of the experiment was 37 minutes,
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20 seconds. All subjects exceeded this by amounts varying from 5.73 to 9.83 
seconds with a median of 7.28 seconds. Maximum cumulative effect of times 
shorter than the unit of measure would be about 3.73 seconds. This effect 
would always appear as a positive bias, i.e., durations might actually be 
longer than indicated by some amount less than 1/60 sec.; they would never 
be shorter than the indicated duration. The maximum possible difference 
between these subjects for time on the total experiment would thus be 7.83 
seconds and the maximum difference in duration of a given interval would be 
0.233 second. This last point implies that summed heartbeats for two intervals 
might differ by one beat, yet represent the same heart rate. The same
Table 8
Duration of 3,584 Problem Intervals
Duration (sec.) 10.000 10.017 10.033 10.050 10.067
No. of intervals 2,501 79 95 89 89
Duration (sec.) 10.083 10.100 10.117 10.133 10.150
No. of intervals 81 92 90 89 86
Duration (sec.) 10.167 10.183 10.200 10.217 > 10.233
No. of intervals 92 91 80 30 none
indeterminacy would occur, however, even if pulses were of zero duration.
As will be seen in the next section, this effect is a function of this particular 
measurement situation.
Effects of zero duration events in finite intervals. -- In the general case 
of k events of zero duration occurring at a constant rate over i finite intervals, 
the actual number of events in any given interval will be one of the integers A 
or A + 1, such that A < — < A + 1. More exactly, (k - iA) intervals will 
contain A + 1 events, and (i - k + iA) intervals will contain A events. Except 
for the case where — = A, there will always be cases of adjacent intervals 
differing by one event, when events are actually occurring at a constant rate.
Table 9
Outcomes of a Change in Rate of Events of Zero Duration 
Observed Within Constant, Finite Intervals
Observed
difference, d, Differences, D, in mean rates of events per interval
in events
per interval .0' .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0 .5214 .3541 .1089 .0156 - - _ _ _ P(d)
1.0000 .4786 .1245 .0156 - - - - - pa
1 .1560 .2364 .3168 .2151 0662 .0095 _ _ _ p W
1.0000 .8440 .6076 .2908 1757 . 0095 - . - - p
2 - .0100 .0825 .2400 3350 .2400 .0825 .0100 _ P(d)
1.0000 1.0000 .9900 .9075 6675 .3325 .0925 .0100 - P
3 - - _ .0100 0825 .2400 .3350 .2400 .0825 P(d)
1.0000 1.0000 1.0000 1.0000 9900 .9075 .6675 .3325 .0925 P
Note. -- Distributions for d greater than four or more observed events per interval are idential
to that for two when shifted so as to be centered on D1 = d. The table may be used to predict the
expected outcomes of known changes in rate by doubling values of the! parameter D.
Probability that a difference in mean rates equal to or larger than D will cause an
observed difference of d.
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Table 9 shows the probability that specified observed differences between 
two finite, equal measurement intervals are due to selected changes in rate of 
events of zero duration. This distribution gives unbiased estimates of true 
changes in rate occurring at boundaries of adjacent intervals or outside of 
non-adjacent intervals. If the change occurs within one of the intervals, the 
probabilities expressed are conservative estimates. For changes occurring 
at random points the tabled values will correspond to the probability of 
observing a specified change, d, given a mean change D = r^t + ^ ( 1  " t)»
Table 10
Evaluation of Tests of the Hypothesis of Zero Rate Shift
c 0 1 2
a 1 . 0 0 0 . 2 3 0 . 0 0 0
ß . 0 0 0 . 4 7 9 . 6 6 1
+ ß 1 . 0 0 0 .7 0 9 . 6 6 1
Note. -- Rejection region of tests
3 4 5 6
00 0 .0 0 0 . 0 0 0 . 0 0 0
774 . 8 3 1 . 8 6 5 . 8 8 7
774 . 8 3 1 . 8 6 5 . 8 8 7
is defined as d > C.
where r^ is the initial rate, the new rate, and t the proportion of the 
interval during which r^ was in effect. In general 0 < D < |r^ - r^| and 
the expected value of D = 1/21r^ - r w h e r e  |r^ - r^| is the true change in 
rate.
The table was produced by the Monte Carlo 'method. Probabilities of 
observed differences, d, were computed for specified mean changes of rate,
D, from a given initial rate. A uniform distribution of initial rates = 0(.1).9 
was used. Probabilities for all initial rates for each d were then summed.
Observed differences, d, between two intervals provide an estimate of the 
parameter D. The hypothesis that D = 0 may be evaluated by use of tests of 
the form d > C in which rejection of the hypothesis of zero difference results
when d is equal to or greater than some constant, C. Effects of Type I and
l
Type II errors are similar when the test is used to define patterns of HR 
change. In the process of identifying a pattern either the inclusion of 
spurious changes or the exclusion of actual changes will lead to a distortion 
of the true pattern. Evaluation of all tests of the form d > C, C a 
positive integer, by the criterion of minimum (a  + 6, leads to selection of 
the test d > 2 (see Table 10).
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Appendix C
Distribution of Heartbeats of 16 Subjects 
for 215 Ten-Second Measurement Intervals
Zero Point Beats per interval above zero point Beats per interval
ubj ect
(Beats 
10 sec
per
0 0 1 2 3 4 5 6 7 Mean Variance
1 10 3 46 74 57 26 5 3 1 12.414 1.403
2 12 2 9 59 92 43 10 14.907 0.907
3 13 5 22 62 74 46 4 2 15.716 1.204
4 11 13 66 81 44 11 12.879 0.948
5 16 1 18 50 87 40 16 3 18.963 1.223
6 12 1 2 76 100 36 14.781 0.555
7 14 26 60 109 19 1 15.577 0.694
8 10 2 108 98 7 11.512 0.335
9 10 1 4 22 83 82 22 1 13.447 0.856
10 16 14 106 84 11 17.428 0.480
11 16 10 47 101 38 17 2 18.051 0.983
12 11 34 79 57 34 10 1 12.581 1.216
13 14 22 81 103 9 15.460 0.53?
14 13 3 83 81 39 7 2 14.860 0.822
15 11 4 6 5 14 46 123 17 15.460 1,390
16 13 14 89 74 34 4 14.651 0.983
Note. --Substantially linear individual plots of the above distributions on 
normal probability paper indicate them to be normally distributed.
Appendix D
Classification of Observational Points
Classification
Intervals
Proportion of 
total intervals
RP CP DP
18, 19 21, 22 29, 30
26, 27 62, 63 34, 35
31, 32 97, 98 46, 47
43, 44 198, 199 53, 54
50, 51 58, 59
55, 56 129, 130
94, 95 135, 136
126, 127 140, 141
132, 133 149, 150
137, 138 183, 184
158, 159
173, 174
180, 181
195, 196
.133 .038 .095
Note A total of 210 intervals was examined.
